Introduction
Following a number of initial experiments in a magneto optical trap published by us in the period 2008 -2009 (Olivares et al, 2008 , 2009 , there has been an increase in activity in the field. A brief review of the experimental methods can be found in (Olivares, 2007 (Olivares, , 2008 Milonni, 2010) . The physical details needed to obtain a cloud of cold atoms were described by Metcalf (1999) . We will survey the literature and make a thorough discussion of the conditions that permit a stable cloud. We will outline our approach to the construction of the magneto optical trap. Our experiments are based on the construction described by Wieman et al. (1998) and Rapol et al. (2001) . We followed the guidelines given in these articles but used state of the art equipment to obtain reliable results in our initial attempts to obtain a cloud of cold atoms. The only initial exception was a self made optical glass cell that was considered inexpensive. Subsequently, it was replaced by a more technically advanced cell that permitted us to improve the observational capability of the system. We will describe an experiment that proved the stability of the cloud and the optical method to vary the laser intensity of the pump and trap beams. We will study the influence of laser intensity imbalance on cloud formation and give values for the threshold intensity of each laser that supports cloud formation.
Description of saturated absorption spectroscopy
Saturated absorption spectroscopy is a simple technique to measure the narrow-line atomic spectral feature limited only by the natural linewidth, that is typically 6 MHz or less (Milonni, 2010) . A strong laser beam called the pump beam is directed through an optical cell that contains a vapour as shown in Fig.1 . A small part of the pump beam used as a probe beam is sent through the cell in the counter-propagating direction and detected by a simple photodiode. The probe beam can be disposed at a small angle or collinear with respect to the pump beam. The laser frequency is scanned close to the atomic resonance. In the case of a twolevel atom system the spectral feature looks like Fig.2 . The upper feature is the detected absorption feature when the pump beam is blocked. It shows a Doppler-broadened line which is much broader than the natural linewidth. In the case of weak absorption the feature is a Gaussian profile. The atoms in the vapour move with different velocities in different directions following the Boltzmann velocity distribution. Considering the velocity component of the atoms along the probe beam we have that some atoms move with velocity component in the same direction as the probe beam propagation and other in the opposite direction. The lower feature is the detected intensity with pump laser (Fig.3 ). It shows a spike just at the atomic resonance frequency 0  . This spike is known as Lamb dip. When the laser is tuned at 0     , it will be absorbed only by atoms moving toward the probe laser with longitudinal velocity 0 / c     . The beam will not be absorbed by atoms with different longitudinal velocities because they are not in resonance so they don't contribute to absorption. Atoms with zero velocity absorb light from the pump laser and become saturated. The probe laser moves through a saturated transparent group of atoms reducing the absorption and producing the Lamb dip. 
Multilevel atoms
In the case of a three level system with two closely spaced upper levels and one ground level the spectral features presents two ordinary Lamb dips at the resonance frequencies of the associated transitions and one cross over peak situated just between these two dips at the average of these frequencies as shown in Fig.4 . When the laser is tuned at the cross over frequency it is absorbed by one transition from atoms moving toward the laser and by the other transition of the same atom by the laser beam oriented in the opposite direction. The increase of the population of the upper level caused by the strongest laser (pump beam) produces an increase of the transmission of the probe beam at the cross over frequency. When the system has two closely spaced ground levels and one single upper level the cross over is still half between the ordinary Lamb dips but it exhibits a reduction of transmission due a process named "optical pumping" (Fig.5) . Here the laser is absorbed by one optical transition from atoms moving toward the laser. The atoms decay to the second ground level producing an increase of absorption of the probe laser beam driven in the opposite direction. 
The saturated absorption spectrometer
The optical setup of the saturated absorption spectrometer is depicted in Fig.6 . The signal obtained by the photodiode PD1 can be used as a reference for the Doppler limited spectra. 
Semiquantitative ideas at two level atoms
The saturated absorption spectra can be calculated with a simplified model for two level atoms. The differential contribution to the absorption coefficient by atoms with velocity between  and
where 0  is the optical depth at the centre of the resonance, 1 P and 2 P are the relative populations of the ground and excited state respectively, 2 00
is the normalized Lorentzian absorption profile for atoms with natural linewidth  including the Doppler shift and
the Boltzman distribution for velocities along the beam axis. The transmission of the probe beam through the cell is
. In the case that the pump laser is turned off and the probe laser beam intensity is low we have that few atoms will be excited and most of the atoms will remain in its ground state. In this case 2 0 P  and 1 1 P  . For example in the case of rubidium when 0 1   , T = 300ºK, and 6 MHz   we obtained by numerical integration of Ec. 2 the profile shown in Fig.1 
Energy level diagram
The energy level diagram (Fig. 7) contains two ground hyperfine levels separated by nearly 3 GHz and four excited levels separated by less than the Doppler broadened line. As the atoms pumped by the cooling laser from the F = 3 level into the F' = 4 level decay into the F = 2 level it is necessary to optically pump the atoms from this level back to the F = 3 level through the F' = 3 level. This is done by the repumping laser.
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Detailed saturated absorption using density matrix elements
The transition rate is given by   
The angle brackets indicate the average over the velocity distribution for vapor at temperature T , given by 
Experimental details
The experiment was installed in a 6x12 feet optical top 1 that was passively damped. The experiment included two tuneable diode lasers, two saturated absorption spectrometers, two scanning interferometers, a complete vacuum system, beam expanders, polarizing optics, infrared camera, optics and mechanics components, a rubidium cells, and photodiodes.
The saturated absorption spectrometer
The saturated absorption spectrometer is shown in Fig.8 . The laser beam was lifted 15 cm above the optical top level by the mirrors M1 and M2, and directed to the first optical glass beam divider. A small part of the beam was directed to the second optical glass divider, the strongest beam went to the trap. The second beam divider drives the strongest beam to the interferometer and the small beam act as a pump laser in the rubidium cell. The beam reflected off the mirror M3 acts as a test weak beam that was measured by a photodiode 2 . 
Scanning confocal interferometer
The scanning confocal Fabry-Perot interferometer (Fig.9) is a nice tool to check if the laser is running in single mode operation specially. One of the main features of the Fabry-Perot interferometer is that it can measure with high resolution the spectral content of the laser. A basic Fabry-Perot consists of two identical spherical mirrors with radius R separated by a distance L. The use of two curved mirrors is convenient as they permit a good match to the Gaussian beam coming from the laser. 
where n is the index of refraction of the air between the mirrors, c the speed of light, L the distance between mirrors. Near the centre of the mirrors we have that every time the distance between mirrors is changed by a quarter wavelength  (/ 4 ) the same part of the spectrum will be reproduced. The mirrors used in our interferometer 3 have a radius of 75 mm and a FSR = 1GHz. The resolution of the interferometer is given by its finesse
where   is the full with at half maximum of the interference maxima and R reflectivity of the mirrors. The finesse depends on the mirror reflectivity, the losses due to imperfections on the mirror surfaces or dust, and the alignment of the mirrors. In our interferometer the highest finesse reported was larger than F* = 450. A cylindrical piezoelectric transducer (PZT) is attached to one mirror and can move it in small displacements. To displace the mirror a high voltage is applied between the inner and the outer side of the PZT. The interferometer can be used in scanning mode when the laser wavelength is fixed and the piezo transducer is displaced continuously with a ramp function. In this case it is possible to observe the detailed spectra of the laser. Another option is to scan the laser wavelength with a ramp function and the distance between mirrors remains constant. In this case one can observe the laser spectra and change its absolute position in the oscilloscope by applying a 3 Toptica Photonics, Model FPI100 L = R www.intechopen.com constant voltage to the PZT. This option is very useful for finding the resonances needed for cooling.
Vacuum system
For optimal conditions to form an atomic cloud it is necessary to reach an ultra high vacuum level with pressures lower than 10 -7 Pa (10 -9 Torr). Our vacuum system (Fig. 10) was built with pipes with nominal 2.75 inch diameter conflate type flanges made of 308 steel. The connections between the pipes and other devices were sealed with cooper gaskets. Our system consisted in a rotary vane pump, followed by a turbomolecular pump 4 and an ion pump 5 . To measure the low vacuum level up to 1.33x10 -2 Pa (10 -4 Torr) we used a Convectron 6 gauge. To measure vacuum pressures lower than 1.33x10 -3 Pa (10 -5 Torr) we used a Bayard Alpert gauge 7 . Both gauges were connected to a multi-gauge controller 8 . The ultra high vacuum was measured alternatively with the indicator of ionic pump controller. The vacuum process started with the onset of the rotary vane pump to obtain a vacuum close to 1.33x10 -2 Pa (10 -4 Torr). After obtaining this vacuum pressure we started the turbomolecular pump, to obtain a vacuum close to 10 -5 Pa (10 -7 Torr). To obtain lower vacuum pressures the system was heated in a process called baking to evaporate the water molecules embedded inside the pipes and chamber. For this we rolled around the pipes and flanges along the vacuum line a heater that was made of a nearly 10 m long AWG26 nichrome wire. To electrically isolate the nichrome wire from the pipes we inserted it into a series of 1 m fiber glass spaghettis that were coupled one by one. To do this we slide the outer part at end of one spaghetti into the inner part of the following. The ionic pump was heated with its own heater, when the pump was switched off. The temperature used in the vacuum process was 120 ºC. To reach this temperature we increased the temperature 10 ºC every 30 minutes with a Variac transformer by increasing the current along the nichrome wire. The complete baking process took at least 5 days. The first day was used to reach the 120 ºC baking temperature. This temperature was kept constant during the next 3 days. In the fifth day we initiated the decrease of the temperature at the same rate as at the heating stage, that is a decrease of 10 ºC every 30 minutes. This was a precaution to protect the glass and the glue, because all have different temperature expansion coefficients. To obtain a homogeneous temperature along the vacuum line we made a temperature measurement at different places. For this we installed several thermocouples in some points between the heating wires and the pipes. We also covered the heater with aluminium foil. With the baking of the vacuum line we could reduce the pressure by more than one order of magnitude. The ultimate vacuum was less than 100 nPa (1nTorr). cell that uses four optical glass plates with 4 mm wall thickness and dimensions 35 x 50 mm. On the top of the cell we glued a 35 x 35 mm optical glass plate. The cell was glued to the flat side of the flange. The plates were glued with high vacuum Torr seal 18 . The second version consisted in an optical glass cell with outer wxlxh wall dimensions 55x55x52.5 mm and 2.5 mm wall thickness 19 . The cell was glued on the 4.5 inch side of a zero length reducer from nominal conflate flange 4.5 inch to 2.75 inch. We did not remove the edge of the 4.5 inch side so the cell was installed very tight. This caused that the glass broke after some heat up vacuum procedures. The cell could be repaired several times with the vacuum Torr seal. The first two versions of cells are shown in Fig.11 The third version (Fig. 12 ) consisted in a cell prepared by a glass blower. The cell has a 2.75 inch conflate type adapter and 7 optical windows with 1 inch useful area 20 . 
Observation optical cell: discussion of different methods

Optical layout, detectors and IR camera
The main part of the magneto optical trap optics was purchased as one single item 21 . Our optical layout (Fig.13) include a larger list of parts. The rays coming from each laser are vertically polarized. After leaving the first optical glass divider (OGD1 in Fig.13 ) each laser beam is driven to a polarizing beamsplitter cube. The polarization of the repumping laser is rotated in 90 degrees by means of a half wave plate and becomes horizontally polarized before entering the polarizing beam splitter cube. The polarization of the cooling laser is maintained vertical and reflected by the beamsplitter cube. By this mean, the cooling laser and the repumping laser become collinear. Both lasers were driven over a line of holes of the optical top and continued collinear at least at 4 meters from the exit of the polarizing beam splitter cube. The polarization of the cooling laser was orthogonal to the polarization of the repumping laser. The combined laser beams were simultaneously expanded by a laser beam expander consisting of a f = 50 mm lens followed by two f = 300 mm. The diameter of the three lenses was 25 mm. The diameter of the lasers was nearly 3 mm and at the exit it was 12 mm giving an expansion of 4x. The laser disk was rounded by an iris diaphragm. Fig. 13 . Combination of repumping and cooling laser beams followed by simultaneous beam expansion. OGD = optical glass divider, L = lenses, HWP = half wave plate, PBSC = polarizing beam splitter cube, ID = iris diaphragm.
After passing the iris diaphragm, both lasers were divided in a 0.3/0.7 divider. Most of the laser power (70%) was directed to the horizontal plane (Fig. 14) . A polarizing beam splitter cube divided both lasers equally. Each pair of beams that leaved the polarizing beam splitter cube were divided again by means of two non polarizing beam splitter cubes. By this method it was possible to obtain two sets of counter propagating pairs of beams. In each leg of this arrangements quarter wave plates to with the correct circular polarizations. We installed a surveillance IR camera to observe the cloud and an IR CCD 22 with a 50 mm lens.
The small part of the optical power (0.3 that was obtained at the 0.70/0.30 beam divider was directed vertically to the optical top as shown in Fig. 15 and directed parallel to the horizontal plane to a half wave plate that rotated both lasers in nearly 45º. A polarizing beam splitter cube disposed after the half wave plate divided the beam in two parts with the same intensity. One part went upwards and the other crossed the polarizing beam splitter cube and was directed by means of two mirrors in the counter propagating downward direction. Two quarter wave plates were used to obtain the correct circular polarization. With our experimental conditions we tried to balance the power from every ray as best as possible. 
Introduction of neutral atoms using a rubidium getter
A rubidium getter 23 is used to introduce the neutral atoms into the vacuum chamber. The main feature of this getter is that it allows introducing a controlled amount of atoms. The rubidium is released as a vapour when a current flows through the getter. The current required to release the necessary amount of neutral atoms is close to 3.7A. A diagram of the getter is shown in Fig.16 . The getter is contained in a chamber with a trapezoidal section and released from a small aperture at the upper part. When the getter cools down, condensation and solidification of the material closes the exit. To start the vapour emission it is necessary to increase the current to 8A during nearly 2 seconds. The pulse duration should be controlled precisely by means of a programmable current power supply 24 to avoid the destruction by melting of the getter.
The code for the power supply was made with Labview6.0. The code set 5 s at 3 A, 2 s at 8 A, 4 s at 6 A and fixed the current at 3.7 A the rest of the time. Several getters were soldered to pair of pins of an 8 pin conflate flanged power feedthrough 25 We used only one getter for more than 100 hours and it is still working. Fig. 16 . View of the rubidium getter.
The pump and the probe laser
The pump and probe lasers used in our experiments are Littrow cavity diode lasers 26 delivering about 50 mW of single longitudinal mode emission near 780 nm at a laser line width of nearly 1 MHz. Each laser was protected with a 60 dB optical isolator 27 . The optical isolators were placed inside the laser case after the grating. The use of the optical isolators is essential to obtain a reproducible magneto optical trap as it is very difficult to avoid reflections back into the laser. These reflections can destroy the single mode emission of the lasers.
Description of the Pound Drever Hall method for frequency stability of the pump and probe lasers
The setup of a cold atom cloud requires fixed cooling and repumping laser frequencies. It is possible to obtain the cloud of cooled atoms without stabilizing the laser but it makes the work more difficult. The Pound Drever Hall method permits the stability of the frequency of the laser frequencies close to the resonances. Fig. 17 shows the optical setup of the Pound Drever Hall detector. A diode laser is collimated by a aspheric lens of short focal distance and its wavelength controlled by a grating that reflects its first diffraction order back into the laser cavity. The wavelength is roughly adjusted by rotating the grating. A piezo electric transducer (PZT) can produce fine angular displacements of the grating and control the frequency of the lasers single mode emission at the MHz level. An optical isolator installed in front of the laser permits to avoid unwanted back reflections into the laser cavity. These reflections could destroy the single mode emission of the laser. Laser exiting the optical isolator is driven to the confocal scanning Fabry Perot interferometer. Two mirrors (2M) lifted the laser to 15 cm from the optical top. The beam was conducted by means of an optical glass divider, a mirror and a pair of mirrors that placed the beam at the level of the interferometers axis. The beam passes a polarizing beam splitter cube, a quarter wave plate and was focused with an f = 200 mm lens to the interferometer. The light reflected from the interferometer becomes horizontally polarized after passing twice the quarter wave plate and was reflected by the polarizing beam splitter cube into a fast photodiode 28. Fig. 17 . Optical setup for Pound Drever Hall stabilization method.
The reflected electric field from a Fabry Perot interferometer is given by
where R is the mirror reflectivity and 
where  is the modulation amplitude,
is a Lorentzian function, and  the laser linewidth. A modulated spectra for /2 20 MHz   modulation frequency and laser linewidth 10 MHz   is depicted in Fig.18 . Two sidebands can be found on each side of the central feature. The signal produced by the fast photodiode is mixed with the modulation sinusoidal signal. The error function (Fig.19) is obtained when the product of these two functions is passed through a low pass filter. 
Polarizing optics: left and right circulating light
Laser beams with opposite helicity polarizations impinge on an atom from opposite directions. Magnetic levels of the atoms are shifted by the magnetic field. The net result is a position-dependent force that pushes the atoms into the center of the magneto optical trap.
In our experiment we used 1 inch diameter multiple order quarter wave plates 29 and 1 inch diameter multiple order half wave plates 30 . The wave plates can be installed in optical rotating mounts 31 but in our case we used fixed mounts constructed by us. Multiple order wave plates require specification of the used wavelength. In our case the required wavelength was 780 nm. A linear polarized beam incident on a multiple order quarter wave plate produces circular polarized light when the electrical field of the incident laser is oriented at 45 degrees with respect to the optical axis of the quarter wave plate. One of the vector components of the E-field is parallel to the optical axis and the other perpendicular. A good method to check the orientation of optical axis of a quarter wave plate is to construct an optical isolator as shown in Fig. 20 . Incident light coming from the left side with its polarization vector parallel to the plane of the paper passes the polarizing beam splitter cube and continues through the quarter wave plate. When the optical axis of the plate is rotated in 45º respect to the electrical field the wave becomes circular. The reflected light turns into perpendicular to the plane of the paper and becomes fully reflected by the polarizing beam splitter cube. With the aid of a photodiode it is possible to find the largest reflected signal by rotating the quarter wave plate slightly back and forth. The optical axis of the half wave plate can be found using the linear incident laser light and a polarizing beam splitter cube. When this plate is rotated a 45º relative to the incident field, the field rotates 90º. In general when the half wave plate is rotated at an angle  , the electrical field rotates at an angle 2 . This can be used to obtain a transmission of 0.4 and reflectivity of 0.6. This is correct but the transmitted E-fields are slightly rotated to vertical or horizontal.
Anti Helmholtz coils: magneto optical trap
The force acting on the atoms in the magneto optical trap is position space dependant being larger for atoms that are more distant from the center of the trap. The MOT coils are two copper solenoids with same dimensions and number of windings. The coils are disposed in anti Helmholtz configuration one over the other. Fig. 21 shows a diagram of the coils. The current in one coil flows in opposite direction with respect to the other coil. It is recommended (Wieman, 1995) to have a variable magnetic field gradient with a maximum of 0.2 T/m. We used normally between 0.10 and 0.15 T/m. We used a 1.15 mm diameter (AWG 17), enameled copper wire. Each coil has 196 windings ordered in 14 sheets with 14 windings per sheet. To drive the coils we used two 5A variable current supplies. 
Finding the spectral lines for repumping and cooling laser
To find the spectral lines for the repumping and cooling laser it is necessary to change the current and temperature of each laser controller and scan the laser piezo element attached at the grating at large amplitudes and measure the whole absorption spectrum from the atoms in the rubidium cell with a photodiode. This should be made for each laser. A typical absorption spectrum of rubidium is shown in Fig.22 . Lamb dips are useful to identify the lines. 
Doppler free spectra of cooling and repumping laser
A detailed view of the Doppler free spectra for the cooling and repumping lasers is shown in Fig. 23 . To obtain these spectra we reduced the scan amplitude of the grating piezo and changed slowly the offset voltage of the piezo to isolate each line. Additionally it was possible to heat the rubidium cell with a nichrome wire to obtain more defined lines. Fig.24 shows a typical measured modulated laser spectra and Fig.25 shows the error function obtained experimentally. In both cases, the interferometer cavity length was held fixed and the laser was scanned continuously. The alignment procedure of the light reflected from the interferometer into the fast photodiode can be best done using a surveillance camera an trying to group the multiple reflections on a single point at the photodiode. To lock the laser frequency to the needed resonance, we have stored one single Doppler free spectrum and recalled and displayed it on the oscilloscope screen. The amplitude scan was decreased close to the zero crossing of the error function. Adjustments of the error signal position relative to the Doppler free spectra could be done by changing the absolute cavity length of the interferometer. This was done by changing the offset bias voltage of the interferometer.
Signals needed to stabilize the repumping and cooling laser
Demonstration of a cloud of cold atoms
After controlling and locking the laser frequencies and finding the necessary magnetic field strength it was possible to observe a cloud of atom that was visible with the surveillance camera. Simultaneously we observed the cloud with our second CCD camera. The correct magnetic field direction was found by trial and error. For this we changed the polarity on the magnetic field power supplies while adjusting the best laser frequencies. Fig.26 shows a typical image obtained with our surveillance camera in our initial setup. shows image taken with a modified Samsung photo camera. In this case we removed the optics from the camera and the IR filter. We placed a 50 mm camera lens in front of the camera.
Optical method: using a Glan Thomson polarizer for laser intensity imbalance
We introduced an optical method, previously developed for laser printers (Duarte, 2005) , to study the effect of the laser intensity imbalance on the cloud formation. The method uses two Glan Thomson polarizers to produce a controlled imbalance between pump and probe laser. Each Glan Thomson polarizer was installed in front of the polarizing beam splitter cubes the produces the first division of the cooling and repumping laser respectively as seen in Fig.13 . The laser intensity was controlled at will by rotating the Glan Thomson polarizer. The polarizing beam splitter cube contributes for further reduction of the laser intensity. We measured the intensity behind the beam splitter cube after each intensity reduction and recorded simultaneously the cloud with our camera. The laser polarization was slightly rotated after passing the beam splitter polarizing cube not affecting the overall functioning o f t h e c l o u d . A m o r e p r e c i s e m e t h o d c o u l d b e r e a l i z e d b y f i x i n g t h e G l a n T h o m s o n polarizers for maximum transmission and rotating at will the field in front ofs each Glan Thomson polarizer by means of a half wave plate disposed in front of it. By this method the laser field polarization would be kept fixed after passing the Glan Thomson.
Study of intensity imbalance on cloud formation
The maximum optical power for the cooling and repumping lasers was nearly 48 mW. The imbalance was started keeping the repumping laser at 48 mW and changing the optical power from the cooling laser. The visibility of the cold cloud reached its minimum value as the power was decreased to 10 mW that is nearly 1/5 of its initial value. On the other hand as the cooling laser is kept at 48 mW, the optical power from the repumping laser was decreased to up to 103 microwatts. At this power the cloud was faintly visible. The power ratio between full visibility and threshold was 1/466 for the repumping laser when the cooling laser was kept at its maximum value. In summary the lasers had large intensity difference and the cloud was still visible. To our knowledge this is the largest power difference disclosed in the open literature between the repumping and cooling lasers.
Conclusion
We cooled and trapped rubidium atoms in a magneto optical trap and proved the stability of the cloud for different laser intensities. We studied the effect of laser intensity imbalance on cloud formation. We found that the cloud was still visible when the repumping laser intensity was at 1/466 part of its maximum intensity with the cooling laser at its maximum intensity with typical maximum power of 49 mW for each laser. Decreasing the cooling laser intensity to 1/5 of its maximum value produced destruction of the cloud.
